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ABSTRACT
Canon Electronics Inc. developed its third microsatellite to demonstrate optical systems and in-house developed
components in orbit. The 35 kg microsatellite CE-SAT-IIB can capture night-time color images of moonlit earth
surface as well as city lights with a newly-designed camera using an ultra-high sensitivity image sensor developed
by Canon. CE-SAT-IIB was launched in October 2020 as a payload on the Rocket Labs Electron 15 and has been
performing experiments to validate optical systems and the bus using in-house components.
CE-SAT-IIB has three types of cameras. The first camera is a 20 cm Cassegrain telescope with the ultra-high
sensitivity detector previously described. Exposure is controllable through shutter speed, CMOS gain, and ND filters.
The sensitivity is equivalent to approximately 4 million in ISO by maximizing the gain and detaching all the ND
filters. Focus can be adjusted via a stepper motor on the detector, and observable area is approximately 3.5 km x 2.3
km on the ground with theoretical ground sampling distance (GSD) 5 m from a 500 km orbit. The second camera is
8.7 cm Cassegrain telescope with a commercial off-the-shelf (COTS) detector using 24.2 MP CMOS sensor.
Exposure is controllable through shutter speed and ISO, and focus can be adjusted by controlling the temperature of
the telescope. The Effective focal length of this camera is 809 mm, which enables to capture ground images of
approximately 5.6 km x 3.7 km with theoretical GSD 2.3 m. The third camera is also a COTS compact digital
camera. Exposure is controllable through shutter speed, ISO, and F-number. In addition, adjustable focal length
provides wide range of images from approximately 215 km x 145 km to 645 km x 435 km in ground distance.
The bus of CE-SAT-IIB mainly consists of in-house components such as sun aspect sensors, a geomagnetic aspect
sensor, an inertial reference unit, a star tracker, magnetorquers, and reaction wheels to shorten the delivery time and
guarantee quality for mass-manufacturing. All of these components have worked as designed in orbit, and the
satellite has achieved 3-axis attitude control such as ground tracking, and inertial pointing.
Canon Electronics has demonstrated three sizes of Cassegrain telescopes and validated two size of bus systems by
CE-SAT-I and CE-SAT-IIB. We are going to start providing high quality telescopes, detectors, bus systems,
components, and integrated satellite system in a short delivery time.
the same time. CE-SAT-IIB, which has different size of
telescopes and its almost ADCS components are
replaced with in-house products, was launched
successfully in October 2020. It has been performing
experiments to validate optical systems and in-house
components.

BACKGROUND
Canon Electronics Inc. (CEI) started business in space
industry by launching its first satellite in 2017. CESAT-I, the first technology demonstration satellite
which has 40 cm Cassegrain telescope, has been taking
high resolution pictures and movies for four years. In
order to expand space business, CEI has been
developing new products based on its precision
machining, image process, and mass production
technique.

ABOUT CE-SAT-IIB
Missions
Considering the background of CEI, missions are set as
following.

After launch of CE-SAT-I, CEI developed two satellites
and many ADCS components to demonstrate these
techniques. CE-SAT-IB, a mass production model of
CE-SAT-I, was launched in July 2020. Unfortunately, it
couldn’t reach the orbit due to the launch failure. On
the other hand, another satellite was also developed at
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⚫

Demonstration of three types of optical systems.

⚫

Validation of in-house developed components.
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Accomplishment of missions means that CEI had
validated three sizes of telescopes and two sizes of
satellite bus systems, which gives more choice to
design microsatellite.

Camera Specifications
Three cameras are installed in CE-SAT-IIB. The first
camera is ultra-high sensitivity camera (UHSC), which
is a 20 cm Cassegrain telescope with ultra-high
sensitivity image sensor developed by Canon. Firmware
of the camera is designed by CEI according to Picture
Transfer Protocol (PTP), so that the camera is
controlled from OBC via USB interface as well as other
COTS cameras. The most important feature of the
camera is wide range of sensitivity offered by a
combination of ultra-high sensitivity image sensor and
detachable ND filters. It makes possible to take nighttime color images of moonlit earth surface as well as
day and night city lights.

Bus Specifications
An appearance of CE-SAT-IIB flight model is shown in
Figure 1 and general specifications are shown in Table
1.

The second camera is an 8.7 cm Cassegrain telescope
with EOS M100 as a detector (EOS). This camera is
slightly modified for space-use and controlled from
OBC via USB interface.
The third camera is PowerShot G9X (PS). This camera
is also controlled from OBC via USB interface. Due to
the wide angle of view compared with cameras
mentioned above, it can be used for taking a whole of
city and a constellation.
In order to take images, the satellite controls its attitude
according to the purpose. In case of that needs to gain
long exposure time such as night-time imaging, the
satellite points to target while taking images. In other
way, pseudo push broom can be performed by using
short exposure time and high sensitivity while the
satellite points to the Earth center.
In addition, we need to consider the illumination of the
moonlit ground to take an image of it. According to the
research of the moon illumination by U.S. air force
geophysics laboratory, it depends on the moon phase
and the elevation angle of the moon from the target
point.1 Since UHSC are designed to be able to take
images with 0.03 lux, the elevation must be over 10
degrees in case of the full moon and 30 degrees in case
of waxing/waning gibbous of the moon.

Figure 1: CE-SAT-IIB
Table 1:

General Specification of CE-SAT-IIB

Item

Specifications

Dimensions

292 x 392 x 673[mm]

Mass

35.5[kg]

Power

Average generation: 40[W]
Peak power tracking

Communication

Up: 32[kbps] in S band
Down: 0.5/8.7[Mbps] in X band and
150[Mbps] for test

AOCS

Three axis zero momentum
Pointing: 0.19[deg]
Stability: 2.8 x 10-5 [deg]/0.01[sec]
Agility:40[deg]/40[sec]

Camera

Matsuzawa

Camera specifications are summarized in the following
tables.
Table 2:

UHSC Specifications

Item

First camera: 5.1[mGSD], ultra-high
sensitivity camera
Second camera: 2.3[mGSD], EOS M100
Third camera: 40-120[mGSD], PowerShot
G9X Mark II
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Specifications

Main mirror diameter

200[mm]

Focal length

1,860[mm]

Telescope type

Cassegrain + correction lens

Detector +
Image processor

Ultra-high sensitivity image sensor
RGB Bayer pattern
IR cut filter
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Detachable ND filters (ND16 and
ND63)
Focus

Adjustable via stepper motor on the
detector and temperature control

Shutter speed

1/6000-2.5[sec]

Sensitivity

Up to 4,000,000 (ISO equivalent)

Resolution

5.1[mGSD]

Wave length

400-700[nm]

Image foot print

3.5 x 2.3[km]

Output

2160 x 1280 pixels in RAW and
PNG format with up to 18
frame/sec continuous shooting

Table 3:

ADCS components of the satellite are mainly consists
of in-house products such as sun aspect sensors (SAS),
a geomagnetic aspect sensor (GAS), an inertial
reference unit (IRU), a star tracker (STT),
magnetorquers (MTQ), and reaction wheels (RW). The
appearances of these components are shown in Figure
2-Figure 7 and specifications are summarized in Table
5-Table 10.

EOS Specifications

Item

Specifications

Main mirror diameter

87[mm]

Focal length

809[mm]

Telescope type

Cassegrain + correction lens

Detector +
Image processor

EOS M100 base
CMOS sensor
RGB Bayer pattern
IR cut filter

Focus

In-house Components Specifications

Figure 2: SAS Appearance
Table 5:
Item

Adjustable via temperature control

Shutter speed

1/4000-15[sec]

ISO

100-25600

Resolution

2.3[mGSD]

Wave length

400-700[nm]

Image foot print

5.6 x 3.7[km]

Output

6000 x 4000 pixels in CRAW and
JPEG format

Table 4:
Item

Dimensions

26 x 26 x 10[mm]

Mass

13[g]

Supply voltage

5[V]

Power consumption

0.25[W]

Field of view

102[deg]

Accuracy

1[deg]

Interface

RS422

Specifications
2-11

Focal length

84-28[mm] (35mm equivalent)

Telescope type

Refracting

Detector +
Image processor

PowerShot G9X Mark II base
CMOS sensor
RGB Bayer pattern
IR cut filter

Focus

Adjustable

Shutter speed

1/2000-15[sec]

ISO

125-12800

Resolution

40-120[mGSD]

Wave length

400-700[nm]

Image foot print

215 x 145-645 x 435[km]
Controllable using zoom
mechanism
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Specifications

PS Specifications

F number

Output

SAS Specifications

Figure 3: GAS Appearance
Table 6:

GAS Specifications

Item

5500 x 3667 pixels in CRAW and
JPEG format

3

Specifications

Dimensions

53 x 53 x 19[mm]

Mass

85[g]

Supply voltage

5[V]

Power consumption

0.35[W]

Range

+/-100[uT]

Accuracy

10[nT]

Interface

Analog 0~5.0[V]
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Figure 4: IRU Appearance
Table 7:

IRU Specifications

Item

Specifications

Figure 6: MTQ Appearance

Dimensions

138 x 116 x 90[mm]

Mass

1400[g]

Power consumption

6.5[W]

Range

5[deg/s]

Dimensions

176 x 50 x 29[mm]

Output resolution

32[bit]

Mass

220[g]

Bias RUN stability

0.3[deg/h]

Current consumption

70[mA] @ 5V typical

Bias ON-OFF stability

0.5[deg/h]

Magnetic moment

3.2[Am2] @ 70mA

Allan Variance

0.5[deg/h] @ averaging time = 1sec

Interface

RS422

Table 9:
Item

Item

Specifications

Dimensions

60 x 60 x 115[mm]

Mass

290[g]

Power consumption

2.3[W]

Field of view

13[deg]

Accuracy

Cross-boresight 7[arcsec]

Slew rate

>1[deg/s]

Interface

RS422
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Table 10: RW Specifications

STT Specifications

Item

Specifications

Figure 7: RW Appearance

Figure 5: STT Appearance
Table 8:

MTQ Specifications

4

Specifications

Dimensions

50 x 50 x 38[mm]

Mass

277[g]

Supply voltage

6[V]

Power consumption

2[W]

Moment of inertia

5.85 x 10-5[kgm2]

Total momentum storage

0.0214[Nms]

Torque range

2[mN]

Interface

RS422,485
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OPERATION RESULT

Figure 10 and Figure 11 are images taken by UHSC
while the satellite points to the Earth center. High
sensitivity enables to shorten exposure time to take daytime images; therefore, pseudo push bloom can be
performed using area sensor.

Day-time Imaging
Figure 8 is the first light of PS. Due to the auto focus
mechanism of PS, the image was taken clearly from the
beginning.

Figure 8: PS First Light
Figure 9 is the image taken by EOS after adjustment of
optics temperature to focus. Since GSD of EOS is 2.3 m,
we can see the shape of the airplane.

Figure 10: UHSC Day-time Image Sample

Figure 9: EOS Image Sample
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Night-time Imaging
Figure 12 is the night-time image taken by UHSC at the
same location shown in Figure 10. We can distinguish
two rows of street lights installed at both edges of the
bridge. Since the width of the bridge is 18 m, resolution
is at least 6 m at night.

Figure 12: UHSC Night-time Image Sample
Figure 13 and Figure 14 are the moonlit images taken
by UHSC. Each image was taken at around the full
moon. We can see the shape of a road and the mountain
without artificial light.

Figure 13: Moonlit Image (North Pole, Alaska)
Figure 11: Stitched Image of UHSC
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Figure 14: Moonlit Image (Matterhorn)
FUTURE PLANS
Image Analysis
Basic investigation about night-time imaging and
analysis by using UHSC.
High-Dynamic-Range Technology
The illumination of night ground significantly depends
on the moon, city lights, and ground condition;
therefore, we need to adjust the settings of UHSC at
every shooting. High-dynamic-range (HDR) technology
is one of the solutions to solve this problem.
Implementation of HDR to inside of UHSC makes it
easier for users to take night-time images.
Future Project
Further high resolution, high sensitivity and more band
projects are planned.
CONSLUSIONS
CEI demonstrated three types of cameras and ADCS
components through operation of CE-SAT-IIB. UHSC
expands utilization of the optical satellite and ADCS
components become new choices to design
microsatellite. CEI continues to progress as space
company through operation of satellites and next
project.
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